| INTRODUCTION
Ureteral obstruction occurs commonly in cats and often is associated with substantial morbidity and mortality. 1 Underlying causes include ureterolithiasis (most commonly calcium oxalate), [1] [2] [3] [4] ureteral strictures, and cellular debris such as dried solidified blood clots. 5, 6 Medical management of ureteral obstruction generally is associated with poor long-term outcomes, and traditional surgical procedures have been associated with substantial morbidity and mortality in some studies. 1 As a result, newer approaches for renal decompression and preservation of renal function have been developed, including the placement of ureteral stents and subcutaneous ureteral bypass (SUB) systems. These interventional approaches provide effective management of ureteral obstruction in cats, [2] [3] [4] but they can be associated with complications, including development of urinary tract infection (UTI), re-obstruction, stent migration, and bladder irritation leading to dysuria. [2] [3] [4] 7, 8 In human patients, a urinary conditioning film is deposited on ureteral stents, altering the surface characteristics of the stent and allowing for increased bacterial adhesion and biofilm formation. 9 This biofilm allows bacteria to persist even in the face of appropriate antibiotic administration. Bacterial colonization of ureteral stents in humans is presumed based on positive urine culture while the stent is indwelling and by stent culture after implant removal. 9 Bacterial colonization rates of ureteral stents in humans vary between 42% and 90%, but not all affected humans are symptomatic for UTI. In 1 study, only 38% of patients were symptomatic. 9, 10 In humans, bacteriuria and bacterial stent colonization are significantly associated with the duration of time the ureteral stent is in place and the presence of systemic disease, such as chronic kidney disease (CKD) and diabetes mellitus. 9, 10 Risk factors associated with UTI in cats with ureteral stents and SUB systems have not been described. The objectives of our study were to identify risk factors associated with positive urine cultures in cats undergoing ureteral stent and SUB placement to relieve benign ureteral obstruction. We also aimed to report the incidence of subclinical bacteriuria and UTI in these cats.
We hypothesized that UTI would occur more frequently than subclinical bacteriuria in this feline population. We also hypothesized that the use of urinary catheters would be a risk factor for developing positive urine culture during hospitalization and at follow-up. included. To be included, cats were required to have a urine culture performed preoperatively and at least 1 urine culture performed after discharge. In addition, included cats must have survived to discharge from the hospital after surgical renal decompression. Data from follow-up visits at which urine cultures were performed were included for analysis.
| MATERIALS AND METHODS
Cats were followed until death or they were lost to follow-up.
Urine cultures were categorized as positive if (1) the urine sample was collected by cystocentesis or from a SUB port and aerobic bacterial culture grew ≥10 3 colony-forming units (cfu)/mL or (2) the urine sample was collected by catheterization or voiding and aerobic culture grew ≥10 5 cfu/mL. 11 If the bacterial colony count was less than described above, the culture was considered positive only if clini- Continuous variables were assessed for normality using the Shapiro-Wilk test. Because most variables were not normally distributed, the median (minimum-maximum) value was used to describe these variables for consistency. An unpaired t test was used to compare parametric continuous variables between groups, and a Mann-Whitney test was used for nonparametric continuous variables.
The Spearman rank correlation test or Pearson's correlation was used to assess the relationship between continuous variables depending upon whether they were not normally or normally distributed, respectively. Categorical variables were described using proportions (%) and odds ratios (OR) with 95% confidence intervals (CI) and determined using Woolf's method. For all comparisons, a P-value <.05 was considered significant. All statistical analyses were performed using a statistical software package (Stata 14.0 for MAC; Stata Corporation, College Station, Texas).
| RESULTS
Forty-three cats that underwent 48 renal decompressive surgical events (both unilateral and bilateral) met the inclusion criteria. An additional 22 cats were identified as having undergone renal decompressive surgeries but were excluded because no urine culture was performed before surgery (n = 3), the cat died before discharge (n = 8), or no follow-up urine cultures were available (n = 11).
Median age at the time of surgery was 108 months (range, was included in the analysis. The remaining 2 cats underwent initial unilateral ureteral stent placement, and because of the recurrent ureteral obstruction on the ipsilateral side, they underwent SUB system placement. The breakdown of renal decompressive surgeries performed in the cats is provided in Table 1 .
The median duration of anesthesia and surgery was 5.5 hours (range, 3-9 hours) and 3 hours (range, 1.5-6 hours), respectively. A concurrent intra-abdominal surgical procedure was performed during Urine culture was performed in all cats before surgery, with 1 of 48 (2%) cultures being positive. In this cat, urine was collected by urethral catheterization. Urine sediment examination disclosed pyuria 
| DISCUSSION
Clinically relevant UTI were documented commonly in this cohort of cats that underwent renal decompression using ureteral stents, SUB systems or both, with positive urine cultures present at follow-up in 25% of instances, of which 93% were classified as being consistent with UTI. Cats that did not receive antibiotics postoperatively had significantly increased risk for the development of positive urine culture after discharge from the hospital.
The incidence of UTI in cats with benign ureteral obstructions is reported to vary from 0% to 33%, 2,4,7 but these studies did not differentiate between subclinical bacteriuria and UTI. In our study, positive Positive urine cultures were common at follow-up after discharge from the hospital, with 25% of cats having at least 1 positive urine culture. This finding differs from a previous study, which reported that although 32% of cats developed UTI within the first month after ureteral stenting, only 13% of cats developed UTI beyond 1 month of ureteral stent placement. 2 Other studies have shown similar infection rates to those in our study, with an infection rate in cats with ureteral stents and SUB systems of approximately 31% 8 and recurrent or persistent UTI identified in 26% of cats with ureteral stents. 7 Ours is the 1st study to distinguish between subclinical bacteriuria and UTI. In Enterococcus spp. were isolated most frequently in our study, both as a monomicrobic infection and in mixed infections with other organisms. In many cases, Enterococcus spp. has been reported to be less pathogenic and thus associated with subclinical bacteriuria rather than UTI. 12 In our study, most cats with urine cultures positive for Enterococcus spp. (even monomicrobic infections) had clinical signs of UTI and therefore were treated. The importance of Enterococcus spp. in cats with urinary implants lies in both its inherent and acquired mechanisms of antimicrobial resistance 13 as well as its ability to form biofilms on implants, 14, 15 rendering it more resistant to killing by antimicrobials. 16 It is also a common hospital-acquired infection. were not categorized as having CKD during analysis.
One consideration that should be made is whether urine cultures were more likely to be performed in cats with clinical signs of UTI post-discharge. In our hospital, because of potential increased risk for positive urine cultures in cats with compromised renal function, renal implants, or both, urine cultures typically are performed during routine follow-up evaluations. Given this consideration and the high number of negative urine cultures, it is unlikely that selection bias played an important role in the number of positive urine cultures.
Some of the limitations of our study are reflected in its retrospective nature and small study population. Furthermore, the follow-up available for patients was highly variable. Some cats included in the study may have had UTI identified and treated by their primary veterinarians, falsely decreasing the frequency of positive urine cultures detected. However, most cats with renal implants are followed up at our hospital for at least the first several months after renal decompression. In addition, urine cultures were not performed at all visits, which makes it impossible to determine the true incidence of subclinical bacteriuria, but this should not affect the number of clinically relevant UTI.
After renal decompressive surgery, positive urine cultures occurred commonly in the cats included in our study. Enterococcus spp. was an important pathogen, but other bacteria also were identified. Further investigation of postoperative antibiotic use might help better characterize the incidence and importance of UTI in cats after renal decompressive surgery and might allow for improved management. In addition, future studies should allow for a better understanding of subclinical bacteriuria and UTI in cats with upper urinary tract implants. Harbor, MD.
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